Abstract. Taking five-phase inverter for example, the relation between the harmonic injecting carrier based PWM and the direct calculating SVPWM for the multi-phase inverter is analyzed. The analysis shows that the SVPWM of multi-phase inverter whose output target line-voltages are sine wave are same with the carrier based PWMs which are injected some harmonic in essence. The target output waveforms and characteristics are equivalent although the realization ways are different entirely. By use of the carrier based PWM method, the equivalent PWM control of five-phase are implemented. Simulation and experiment results show that the carrier based PWM method can keep the control system simple, and keep good performance same with SVPWM at the same time.
Introduction
For the large output power and small torque ripple when driving multi-phase motor, the multi-phase inverter has been widely applied in the field of high power high performance electrical propulsion. In order to improve the utilization of dc bus voltage and motor drive performance, many multiphase SVPWM control methods are proposed. In [1, 2, 3] , only the large vectors and zero vectors are adopted to realize the SVPWM control for the multiphase inverter. This method is simple, but the output voltages essentially contain much harmonic. In order to reduce the harmonics, other types of vector combined with the big vectors are suggested to implement the SVPWM in [4] to [7] . However, due to the number of voltage vectors increase with the phase number exponentially, so the vectors choice of and calculation is very complicated, and hard to achieve when the number of inverter phase more than five phases.
In three phase inverter, an equivalent PWM method are used to realize SVPWM control, which is called harmonic injecting carrier based PWMs. It control thoughts is similar with sine PWM, the difference is that some harmonic is injected in the sine reference, which will bring the same characteristic with SVPWM. The relation between SVPWM and the carrier based PWM has been got.
But there has no answer whether the similar relation lies in the multi-phase SVPWM and SPWM. In this paper, the nature relationship between SVPWM and carrier based PWM is analyzed taking five-phase inverter as example. The corresponding harmonic injecting method is proposed, and this method can be applied to any other phase number inverters.
Multi-phase Inverter SVPWM Control
In this section, five-phase inverter is taking as example to analyze the multi-phase SVPWM control method. The five-phase inverter circuit topology structure is shown in Fig.1 , the corresponding voltage vectors distribution is shown in Fig.2 . Corresponding to the six sectors in three phase inverter, there are ten sectors in five-phase inverter as shown in Fig.2 . Taking the first sector S1 for example, vector V25(11001), V24(11000), V16(10000), V29(11101), V0(00000) and V31(11111) are chosen to compose the reference vector Vref. In order to reduce the output voltage harmonics and switching times, those vectors are arranged as follow sequence:
V0-V16-V24-V25-V29-V31-V31-V29-V25-V24-V16-V0
(1)
The corresponding PWM waveform is shown in Fig. 3 . This vector synthesis method is called near four vectors SVPWM ( NFV-SVPWM). In terms of the volt-second principle, the vectors balance equations and time balance equations can be written as follows: 
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Another two constraint equations are defined to assure sine wave of the output voltage, that are:
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Where, proportion coefficient
The vectors acting time can be got by solving the equations above.
Relationship between SVPWM and Carrier Based PWM The reference signal of carrier based PWM is composing of sine wave and some zero sequence signals. In the three-phase or multi-phase power system without neutral wire, zero sequence signals have no path of the circulation, so the output voltages are still sine waves. Although the zero sequence signal has no effect on the output line voltage, but they change the waveform feature. The target line voltage of NFV-SVPWM is standard sine wave [7] , so it can be achieved by injecting zero sequence into the sine wave. Seen from the five-phase inverter-load circuit topology shown in Fig. 1 that, the reference signal of carrier based PWM can be expressed as:
Where, 0 
Where m is the modulation index, and
. The waveforms of those phase voltage are shown in Fig. 4 . The wave crest of those cosine wave divide one fundamental wave cycle into ten portions, which correspond the ten sectors in the SVPWM control. According to Eq. 10 and Eq. 11, the zero sequence voltage of five-phase inverter can be expressed as:
The pole voltages in the sector one for the NFV-SVPWW [4] 
Substituting Eq. 13 into Eq. 12, the zero sequence voltage in sector one can be got. 
Therefore
The same analysis is carried out in the other sectors; we find that the zero sequence voltages have the same expression as in sector one. So conclusions can be drawn that NFV-SVPWM is equivalent with the carrier based PWM injecting zero sequence voltage
That is to say by choosing appropriate zero sequence signals, carrier based PWM can realize completely the same performance as SVPWM.
Simulation and Experiments
In terms of the got zero sequence voltage above, carrier based PWM control of five-phase inverter is simulated by MATLAB/Simluink. The zero sequence voltage and reference wave are obtained in Fig.5 . From Fig.5 we can see that for reason of the injected sequence, wave crest of the original sine wave change flat, which can improve the linear modulating range. Comparing with the analysis results in [3] and [6] , the reference signal after injecting zero sequence is same with the target pole voltage in SVPWM. So, both of them have the same features.
The experiment system is consist of five-phase inverter adopt IGBT and R-L loads, parameters of the loads is listed in Tab.1. Switching frequency of the inverter is 1000Hz, the output voltage frequency is 50Hz, DC bus voltage is 238V, modulation index m=1. Inverter output pole voltage is shown in Fig. 6 , where the high harmonics are filtered by means of the oscilloscope digital filter function. Fig. 7 shows the inverter output current and its spectrum. From the experiment results, the inverter pole voltage waveform in the carrier based PWM is same with the direct digital SVPWM [9] , and the current feature are also same. This fully shows the equivalence of the two kinds of method. 
Conclusions
In the paper, the nature relationship between the SVPWM and carrier based PWM is deduced from mathematics. Analysis results show that SVPWM with sine wave output line voltage can be implemented by injecting some zero sequence voltage into the carrier based PWM reference voltage. The two methods have equivalent relationship. However the carrier based PWM method is easier to realize and expand to the more phase inverter. The equivalence of the two PWM methods is confirmed by simulation and experiments.
